Running heading: Natural inbreeding does not alter physiological plasticity 2 ABSTRACT 1
INTRODUCTION 29
Genetically informed conservation management programmes often assume that 30 adaptive potential is limited by the amount of additive genetic variation maintained in a 31 population (O'Brien, 1994; Hoffmann, Sgro, and Kristensen, 2017) . However, many 32 geographically widespread and invasive plant species are self-fertilising or asexually 33 reproducing and the evolutionary transition from an outcrossing to a selfing mating system 34 has occurred frequently (e.g. Igic, Lande, and Kohn, 2008; Razanajatovo et al., 2016) . 35
Such shifts are associated with increased genome-wide homozygosity, as well as reduced 36 efficacy of purifying and positive selection (e.g. Wright, Kalisz, and Slotte, 2013) . 37
Inbreeding is thus thought to compromise long-term evolutionary potential through erosion 38 of genetic variation and increase the risk of extinction through inbreeding depression, 39 defined as the exposure of deleterious recessive mutations through increased homozygosity 40 (Charlesworth and Charlesworth, 1987; Keller and Waller, 2002) . Consistent with this, 41 selfing lineages are predicted to show higher extinction rates than related self-incompatible 42 lineages (Goldberg et al., 2010) . Together, these lines of evidence support the view that the 43 long-term potential to adapt to environmental change will be compromised in low diversity 44
selfing (inbred) lineages, compared to higher diversity outcrossed lineages (Bijlsma and 45
Loeschcke, 2012; Wright, Kalisz, and Slotte, 2013). 46
However, multiple lines of evidence suggest that low levels of genetic variation 47 associated with selfing may not affect the ability of lineages to respond appropriately to 48 shorter-term environmental change. Firstly, many highly self-fertilising or asexually 49 reproducing plants (modes of reproduction that reduce genetic variation) show broad 50 distributions, and are able to invade and colonise new locations (Barrett, Colautti, and 51 diversity. Secondly, low levels of neutral genetic variation may not always equate to lowlevels of adaptive genetic variation, and therefore may be a poor proxy for the evolutionary 56 potential of a population (Whitlock, 2014) . The loss of individual selfed or clonal lineages 57 with a high genetic load can also reduce the impacts of inbreeding depression at the 58 population-level (Keller and Waller, 2002; Hedrick and Garcia-Dorado, 2016 ). Finally, 59
selfing has obvious advantages when reproducing in a new environment where 60 conspecifics are scarce (Eckert et al., 2010) , but few studies have directly tested the effects 61 of the resulting low additive genetic variation on short-term physiological plasticity. 62
Experimental laboratory studies suggests that the negative effects of inbreeding on 63 trait plasticity may be strongest under stressful environments (Bijlsma and Loeschcke, 64 However, in other experiments, the effects of inbreeding on trait plasticity were either not 70 observed (Schlichtling and Levin, 1986) , or varied among traits and were not consistent 71 across inbred families (Ivey, Carr, and Eubanks, 2004; Schou, Kristensen, and Loeschcke, 72 2015) . So, even in a context of experimental inbreeding in normally outcrossing species 73 (when inbreeding depression should be high), short-term responses might not always be 74 compromised by reduced heterozygosity or diversity in inbred lineages. 75
Recent work on the molecular basis of inbreeding effects on plasticity has revealed 76 altered gene expression patterns associated with artificially inbred lines, as well as 77 interactive effects of environmental stress and inbreeding on gene expression (Kristensen 78 et al., 2010; Paige, 2010) . Inbred Drosophila lines exposed to temperature stress showed 79 increased variance in metabolite profiles relative to outcrossed lines, as well as consistent 80 effects of inbreeding on particular metabolites . Similarly, 81 experimentally inbred plant families (Solanum carolinense) showed reduced expression ofanti-herbivore defensive metabolites (Campbell, Thaler, and Kessler, 2012) . Thus, it seems 83 clear that an initial shift from outcrossing to inbreeding could compromise appropriate 84 metabolic responses to stressors through inbreeding depression. However, most studies 85 have compared the consequences of artificially-induced inbreeding, or mating system 86 variation between species, rather than within species. We know far less about how 87 populations with a sufficiently long history of inbreeding to purge deleterious recessive 88 mutations will be able to adapt to changing environmental conditions, despite reduced 89 levels of genetic variation compared to their outcrossing relatives. 90
To test how natural mating system variation within a species impacts physiological 91 responses to abrupt environmental change we used Arabidopsis lyrata, a predominantly 92 outcrossing perennial herb that shows natural variation in mating system around the Great 93
Lakes region in North America (Mable et minor changes in floral morphology consistent with the evolution of a selfing phenotype 98 (Carleial, van Kleunen, and Stift, 2017b) . Populations around the Great Lakes occupy 99 several distinct habitats (rocky alvar and sand dune) and are distributed across a broad 100 latitudinal gradient, characterised by variation in climate and the length of the growing 101 period, so are also an interesting system in which to study local adaptation and its 102 interaction with mating system. Patterns of population genetic structure suggest that the 103 loss of self-incompatibility arose multiple times during several independent postglacial 104 colonisations of the North American Great Lakes region (Hoebe, 2009; Foxe et al., 2010 (Willi, 2013) . Similarly, in common garden experiments using 120 experimental crosses between populations, heterosis was found to be higher in inbred 121 compared to outcrossed populations, but magnitudes of inbreeding depression were similar 122 regardless of mating system (Oakley, Spoelhof, and Schemske, 2015 N:  40  20  20  20  20  39  20  20  18  39  20  20  14   IND  PCR SBD TSS SAK  PIN MAN TSSA KTT RON  TC  LPT  PTP   0   20   40   60   80 Area of rosette, cm2
Site: SBD TSS SAK  PIN MAN TSSA KTT RON  TC  LPT  PTP  0 1000   3000   5000   Relative reproductive output   N:  12  6  6  6  6  12  6  6  6  12  6  6  4 Site: for values of tm and Ho). Seeds were collected in 2011 (Table S2) , except for two 172 inbreeding populations (KTT in 2007 and PTP was supplemented in 2012). Outcrossing 173 populations have significantly higher observed heterozygosity and nucleotide diversity 174 relative to inbreeding populations based on both neutral microsatellite markers (Table S2; (Table S1) . The common garden site was situated in a clearance surrounded by deciduous woodland.
We therefore expected this common garden to represent a novel environment for A. lyrata. families to obtain more precise estimates of fitness. These were three of the largest 206 populations of A. lyrata in the field, and therefore were sites from which seeds from a 207 greater number of maternal families were available. For one inbreeding population (PTP) 208 only 14 maternal seed families were available (Table S2) . 209
210
In total, 310 individuals, 199 of which were from outcrossing populations and 111 from 211 inbreeding populations, were transplanted to the common garden on 21 st September 2012. 212
They were placed in a raised bed filled with Levington F2+S compost and horticultural grit 213 to enhance drainage, and surrounded by high wire fencing to exclude mammalian 214 herbivores. Two iButton dataloggers were placed in the centre of the plot to record above-215 ground and below-ground temperatures. Four propagator trays with 5-10 individuals from 216 each population formed a block and four blocks were placed in a linear common garden 217 plot (Fig S1) . Plants in the common garden were watered once after transplanting, but 218 thereafter no additional water or fertiliser was added during the experimental period. 219
Seedlings from different populations were systematically arranged across the trays to 220 distribute populations differing in mating system evenly across the common garden plot 221 (Fig S1) . Rosette size on transplant (7 weeks after germination) was calculated as the area 222 of a circle from two perpendicular measurements of rosette diameter. 
Statistical analyses 240
The effect of population mating system on each response variable (plant rosette area before 241 transplantation, proportion plants flowering, survivorship, number of fruits, mean length of 242 fruits per plant and the combined measure of relative reproductive output) was tested using 243 generalised linear mixed effects models (GLMMs) using the R package lme4 (Bates et al. 244 2015). Population mating system was included as a fixed factor in the models, and 245 population was modelled as a random effect, to account for unexplained variation due to 246 geographic source. For traits where all plants were measured (rosette area, proportion 247 flowering, survivorship) experimental block was also included as a separate random factor 248 in this model. Where traits were only measured for a subset of individuals (fruit length, 249 number fruits, reproductive output) there were insufficient individuals to estimate random 250 effects of experimental block. To account for multiple testing, a Bonferroni-correct P-value 251 threshold of 0.008 (0.05 divided by 6) was used to identify significant mating systemeffects. Binomial error distributions were used for modeling binary traits (survival and 253 flowering status) and a normal error distribution used for continuous traits (rosette area and 254 reproductive output). When modeling survival and propensity to flower, rosette size at 255 transplant was included as a covariate to account for differences in initial growth rates in 256 the cabinets. Model residuals were inspected to ensure good model fit and where necessary 257 the response variables were log-transformed. To directly test for differences among 258 populations in each response variable, we used separate models for a fixed effect of 259 population on the different response variables controlling for the random effect of 260 experimental block, but not considering mating system. Again a reduced P-value threshold 261 of 0.008 was used to account for multiple testing and identify significant relationships. As 262 multiple fruits were measured per individual, we additionally used a linear mixed effects 263 model to estimate the proportion of variance in fruit length associated with population, 264 maternal plant (family) and within-plant (residual variance). Likelihood ratio tests were 265 used to estimate the significance of fixed effects following their removal from a model. 266
We additionally tested for variation in fitness-related traits consistent with local 267 adaptation along the latitudinal range (41.6206 -45.6703 decimal degrees) occupied by 268 these populations, and whether any of the fitness-related traits varied with population 269 mating system. We conducted regression analyses to test for a significant interaction 270 between mating system (inbreeding and outcrossing) and latitude for each of the above-271 described fitness-related traits, as well as the separate effect of latitude. The statistical 272 models used for each trait were the same as described above. 273
274
The effects of population inbreeding on the metabolome 275
Experimental Design 276
To determine whether population mating system affected the physiological response under 277 contrasting environmental conditions, we compared metabolomic profiles over time for 278 when transplanted outdoors to the common garden, or when kept in a controlled growth 280 chamber. We selected the three outcrossing and three inbreeding populations to represent 281 similar levels of genetic structure and geographic range within each mating system group. September 2013), to give time for the plants to physiologically adapt to the growing 297 environment. Any dirt was quickly removed from sampled leaves, before leaves were 298 placed in a cryo-tube and flash frozen in liquid nitrogen. They were kept frozen on dry ice 299 for a maximum of 2h during transport and then transferred to a -70°C freezer. The samples 300 from the growth chamber plants were collected on the same days and in the same manner 301 as described above. The plants were checked for signs of disease or herbivore damage and 302 photos were taken of trays just before sampling to monitor their general status (e.g. colour 303
of leaves). 304
For the three inbreeding and three outcrossing populations, individuals were 307 selected for metabolite screening if leaf samples were available at all three time points for 308 the two experimental growing conditions. Individuals from the same maternal families 309 were used in the common garden experiment and the growth chamber. To allow us to 310 assess changes in the metabolome over three timepoints and two treatments, metabolomics 311 data was generated for only three individuals per population (nine individuals per mating 312 system group). We therefore had insufficient power to resolve population-level differences at 95% A for 3min followed by equilibration at 20% A for 8min. Metabolites were 326 detected using an Orbitrap Exactive (Thermofisher, UK) instrument in positive/negative 327 switching mode at resolution 50,000 with a m/z scan range of 70-1400. In total, 108 328 samples, plus a sample of pooled individual extractions for quality control, were run in a 329 randomised order interspersed with twelve blank extraction buffer samples. The LC-MS 330 data were annotated using a bespoke bioinformatics pipeline (mzMatch, IDEOM and 331
PiMP) developed at Glasgow Polyomics (Scheltema et al., 2011; Creek et al., 2012 ; 332 putative compound identification. We considered all compounds with an IDEOM score of 334 at least 6 that were present at either the first or third experimental time point, which 335 resulted in a final dataset of 936 metabolites. The raw peak heights for each putative 336 compound in each individual sample was then corrected by subtracting the average of the 337 twelve blank readings for that identified compound. These corrected peak heights were 338 used for further analysis. The identity of 106 metabolites was confirmed through 339 comparison of retention times and masses to a panel of 122 standards, of which 96 340 compounds were uniquely identified and 13 had two related identifications (from now 341 referred to as 'confidently identified metabolites'). 342
343

Metabolomics Analyses 344
Multivariate Analyses 345
Principal Components Analysis (PCA) was performed on the dataset of 936 metabolites 346 measured over the three time points using the R function 'prcomp'. We plotted the first 347 two principal components against each other to explore broad patterns of change in the 348 metabolite data with respect to experimental growing condition, time point and population 349 mating system. As a measure of plasticity, we compared the magnitude and direction of 
Metabolite diversity 361
Metabolite diversity was also estimated using a set of diversity measures that have been 362 developed to assess the relative importance of differences in the abundance of species, as 363 well as the presence or absence of species in a community (Leinster and Cobbold, 2012) . 364
Specifically, the emphasis placed on relative abundance is changed by adjusting a 365 parameter q. In the context of metabolite data, q = 0 is equivalent to the total number of 366 metabolites observed (with all metabolites weighted equally), whereas q = 1 or higher 367 results in lower abundance metabolites having less influence on the diversity measures (i.e. 368 the most abundant compounds shape diversity estimates). Here, we should note that using 369 an untargeted metabolomics approach means that variation in raw peak heights among 370 identified metabolites may reflect both inherent differences in metabolite detectability, as 371 well as variation in their actual abundance. Estimating diversity using q = 1 therefore 372 assumes that variation in metabolite detectability does not vary over orders of magnitude, 373 which may not always be the case. Nevertheless, our ability to estimate the 'true' diversity 374 of metabolites should not impact our statistical comparison of changes in diversity profiles 375 over time in each growing environment for inbred and outcrossed individuals. We 376 therefore statistically tested whether variation at q = 0 (metabolite "richness") and q = 1 377 (when relative abundance is considered) was explained by time, environment, mating 378 system or their interactions using GLMMs, with likelihood ratio tests used to determine the 379 significance of individual terms and population included as a random effect. Non-380 significant interactions and individual terms were sequentially removed until a reduced 381 final model consisting of only significant interactions and terms remained. 382
383
Changes in individual metabolites and metabolite pathways 384
To comprehensively test for the importance of mating system in explaining 385 variation in metabolite concentrations, we used GLMMs to model variation in corrected 386 peak heights for each of the 936 metabolites. We accounted for the random effect ofpopulation and tested the fixed effects of mating system, time, treatment, and all two-way 388 and three-way interaction. Given the difficulty of interpreting three-way interactions, we 389 also tested the effects of time, mating system and their interaction for each experimental 390 condition separately. Given that time points 1 and 2 showed similar multivariate 391 metabolomic patterns, we focused on data from time points 1 and 3 in the analysis for each 392 environment separately. We corrected for multiple testing using the Benjamini-Hochberg 393 procedure for restricting the false discovery rate to 5%. For the subset of confidently-394 identified metabolites, we identified those metabolites that were on average > 1-fold higher 395 or lower in the common garden samples relative to the growth chamber samples at time 396 point 3, but which showed no difference ( < 1-fold changes) at time point 1 (when all 397 plants were in the growth chamber). For these confidently identified compounds we also 398 tested for a significant interaction between mating system, growing environment and time 399
(focused on time points 1 and 3) using a linear mixed model as described previously. After 400 correcting for multiple testing, we identified metabolites showing both a significant 3-way 401 interaction involving mating system, and a strong response to the common garden 402 environment (through fold-change comparisons). survival. Rosette size itself did not significantly vary with mating system (Fig 1b; LR-stat 411 = 0.025, df = 1, P = 0.874), despite showing significant variation among populations (Fig  412   1b ; LR-stat = 124.8, df = 12, P < 0.0001). Survival was markedly lower over the second 413 winter, with only 34 individuals (11.0%) surviving to spring 2014, and again no effect of (Table 1 ; LR-stat = 1.76, df = 1, P = 0.185), although outcrossing 425 populations showed evidence for being more resilient to the challenges of overwintering. 426
Specifically, over the second winter less than 5% of individuals survived in four of the five 427 inbreeding populations, whereas only two of the eight outcrossing populations showed 428 such low mortality (Table 1 ). The overall low survival over the second winter may in part 429 be due to the milder winter temperatures experienced over the winter of 2013 (average 430 2.44°C) compared to 2012 (average 4.04°C; Fig S2) . Despite no significant effect of 431 inbreeding, the fixed effect of population explained 17.2% of variance in survival over the 432 second winter (LR-stat = 36.8, df = 12, P = 0.0002), but was not significant for survival 433 over the first winter. Interestingly, the inbreeding populations showed both the highest 434 (Fig 1c) . On 10 th May 2013, when just over 50% of plants 441
were flowering, there was no effect of population mating system on the propensity of 442 52.49, df = 12, P < 0.0001; Fig S3a,b) . The percentage of within-individual variance in 451 fruit length was 36.6%, which is similar to that explained by maternal plant (34.5%) and 452 population (28.9%). By contrast, in this analysis mating system explained ~0% variance in 453 fruit length. The combined measure of relative reproductive output revealed no significant 454 effects of mating system on relative reproductive effort at this single time point when 455 controlling for the random effect of population (Fig 1d; LR-stat = 3.08, df = 1, P = 0.079). 456
There was also no significant difference among populations in relative reproductive effort, 457 when population was considered as a fixed effect for the analyses (LR-stat = 7.50, df = 12, 458
P = 0.377). 459
While on average selfing populations showed lower reproductive output than 460 outcrossing populations in terms of numbers of fruits per individual (Table 2) , this was Rosette area before transplantation showed a significant interaction between mating 473 system and latitude (Fig S4a) , with a significantly increase in size with latitude for 474 inbreeding, but not outcrossing populations. Flowering time also showed a significant 475 interaction between mating system and latitude (Fig S4c) , with an increase in flowering at 476 the early time point for outcrossing populations with latitude but a very low flowering rate 477 in the selfing population found at the highest latitude (TC). There was also a weakly 478 negative effect of latitude on mean fruit length, but the pattern was the same in outcrossing 479 and selfing populations (Fig S4e) . After controlling for multiple testing, survival rates in 480 both 2013 and 2014, the number of fruits produced and relative reproductive output at a 481 mid-season timepoint showed neither a significant effect of latitude, nor an interaction of 482 latitude with mating system (Fig S4b, d, f) . 483
484
Physiological responses to novel environments are driven by time and experimental 485 treatments, with limited impact of inbreeding. 486
Plants growing outside for the metabolomics study were exposed to herbivores and 487 disease during the time course of sampling, and we avoided sampling any heavily damaged 488 or infected plants for metabolomics analysis. At time point 2 (7 th August), the earliest time 489 of sampling leaves in the field, there was no evidence for herbivore damage or disease on 490 any plants used in the metabolomics analysis. At time point 3 (on 5 th Sept), eight of the 18 491 plants analysed showed no herbivore damage, and five of the 18 plants showed damage to 492 just 1 leaf. The remaining five plants showed 2 or 3 damaged leaves). Molluscs were most 493 likely causing this minor damage, and damage was mostly restricted to older leaves, which 494
were not sampled in our study (JB personal observation). Additionally, three individuals 495 showed early signs of Albugo candida infection (a common oomycete parasite of theBrassicaceae). These three individuals included one inbreeding (RON) and two outcrossing 497 individuals (PIN and TSS). Therefore, the observed rates of infection and low levels of 498 herbivore pressure should not impact the observed absence of inbreeding effects on the 499
metabolome. 500
At time point 3 (one month after transplantation) there was clear divergence 501 between plants in the growth chamber and common garden in growth and appearance (Fig  502   S5) , which made this time point the most informative for examining inbreeding effects on 503 physiological plasticity. The first five principal components (PCs) extracted from all 504 compounds explained 50.1% variation in the metabolome (Table 3) . 505 506 Plotting PC1 (19.9% variance) against PC2 (13.1%) showed clear evidence for 518 divergence in metabolite profiles at time point 3 compared to the earlier time points,particularly in the outdoor growth conditions, but with no strong effects of mating system 520 (Fig 2a) . Variation in these five PCs were mostly influenced by the interacting effects of 521 growing environment and time, rather than mating system (Table 3) . At time points 1, 522 there was some clustering by population in both the growth cabinet and common garden 523 environment, whereas at time point 3 this was only clear in the common garden, but in 524 neither case was the pattern strongly associated with mating system or latitude (Fig S6) . 525
Time was a significant fixed factor for all five PCs and growing environment-by-time 526 interactions were significant for four of the PCs. Despite a strong metabolomic shift over 527 time in the experiment, there was no evidence for altered physiological plasticity at time 528 point 3 in inbreeding populations. The direction and magnitude of change in PC1 and PC2 529 were mostly consistent across families and independent of population mating system (Fig  530   2b -2e ). PC3 to PC5 (Fig S7a-f ) also showed no effect of mating system on metabolomic 531 plasticity, except that inbreeding populations showed greater variance in the magnitude of 532 the metabolomic shift for PC5 (Fig S7f) . 533
The diversity of metabolites changed significantly over time in the outdoor 534 common garden environment, but again independent of mating system (Fig 3) . 535
Specifically, the metabolite richness (number of metabolites, when q = 0) showed a 536 significant time*treatment interaction (P < 0.0001; Fig 3a) with fewer metabolites at time 537 point 3 in the outdoor common garden, but not in the growth chamber. After accounting 538 for relative abundance of metabolites (using q = 1 to reduce the contribution of rare 539 compounds to estimated diversity), there was a significant time*treatment and significant 540 mating system*treatment interaction (combined model significance: P < 0.0001). This was 541 driven by a greater number of abundant compounds at time point 3 in the outdoor common 542 garden, but also a tendency for inbred individuals to show an elevated number of abundant 543 compounds relative to outcrossed populations at all time points in the growth chamber, but 544 not in the common garden (Fig 3b) . 545 We found that 59.3% of the 936 metabolites showed significant (with a FDR of 15 5%) time*treatment interactions (Table 4a ). Interactions involving mating system were 16 only significant with 5% FDR for less than 0.5% metabolites ( separately, time-by-mating system interactions were not significant for any metabolites 31 following multiple testing correction (Table 4b) . Similarly, no metabolites showed 32 significant effects of just mating system in either growing environment (Table 4b) . By 33 contrast, the effect of time alone was significant for 36.0% (growth chamber) and 59.2% 34 (common garden) of the metabolites (Table 4b) . Notably, 1.6x more metabolites showed 35 significant changes over time in the outdoor common garden compared to the growth 36 chamber, which suggests that the outdoor environment was more physiologically 37 challenging for the plant. 38
Of the 106 confidently identified compounds, 27 were > 1-fold higher and 18 were 39 > 1-fold lower in the outdoor common garden samples relative to the growth chamber 40 samples at time point 3 ( Table S3 compounds that showed the greatest decrease in the common garden samples were amino 47 acids or amino acid derivatives. Only three of the compounds showing > 1-fold change in 48 the common garden samples also showed significant mating system effects at time point 3. 49
For two of these compounds (dUMP and D-glucose/D-fructose-6-phospate), the effects of 50 inbreeding were only apparent in the common garden sample set (Fig S8a,b) . A significant 51 negative effect of inbreeding in the common garden was only observed for the amino acid 52 L-Asparagine (Fig S8c) . 53
54
DISCUSSION 55
In this study, we found that highly inbred and genetically depauperate populations 56 inbreeding populations showed similar survival rates and reproductive output to outbred 60 populations over a two-year period in a common garden environment outside their native 61 range, although relationships between several fitness traits and latitude of origin did vary 62 between outcrossing and inbreeding populations. Instead, population-level effects, 63 including latitude of origin, consistently explained more variation in fitness-related traits. 64
Furthermore, we found that mating system had very little impact on the magnitude or 65 plasticity of physiological responses to the novel environment, and only minor effects on 66 metabolite diversity. Together, these results show that natural variation in inbreeding, and 67 associated changes in genetic variation, do not negatively impact on short-term responses 68 to changing environmental conditions. suggesting that factors other than mating system may be driving over-winter tolerance. 80
One hypothesis is that local adaptation to conditions in their native range might influence 81 their rates of survival in this new environment. However, we found no evidence for an 82 association between population latitude and survival in either year of this study. Three 83 populations were sampled on the Bruce Peninsula on Georgian Bay (TSSA, TSS, TC) 84 where the growing season is shorter than in the other populations sampled; previous 85 surveys have found that plants typically flowered and seeds were produced approximately 86 1 month later in these northern populations than those growing on the shores of Lake Erie 87
(RON, LPT, PTP) (personal observation). Although the Bruce Peninsula populations 88
showed similar survival to one another, this was not true of the Lake Erie populations, 89 suggesting that source latitude (and geographic proximity) is not a major driver of 90 overwinter survival. In a different common garden experiment within the native range of 91 A. l. lyrata, outcrossing populations showed higher survival rates after the first year, but 92 over two years there was no effect of mating system on survival (Oakley, Spoelhof, and 93 Schemske, 2015). Together with our results, these data suggest that reduced genetic 94 variation due to inbreeding is not a consistent driver of variation in survival in this species. 95
A shift to selfing (and associated inbreeding) might also be associated with altered 96 selection on growth rates, flowering traits and reproductive output (e.g. Sicard to flowering with the more contracted growing season. Yet, the high latitude selfing 124 population, TC, showed both a slower transition to flowering, and larger rosette size at 125 transplantation, which could either be a consequence of its ability to self-fertilise, reducing 126 its dependency on pollinators in a short growing season, or that it must reach a larger 127 rosette size before it transitions to flowering. Nevertheless, we included just one selfing 128 population at a higher latitude in our study, which was associated with a distinct rocky 129 alvar habitat rather than sand dune habitat, so the effect of inbreeding on local adaptation is 
TC, TSS, TSSA). 141
The absence of strongly negative inbreeding effects on fitness in our common 142 garden, even when plants were exposed to novel and stressful winter conditions is 143 consistent with other studies, which have found that fitness differences between planting 144 (e.g. Meyer et al., 2007) , which is consistent with their higher rates of leaf production 215 under controlled growth chamber conditions. Elevated growth rates in the growth chamber 216 are also reflected in the elevated levels of amino acids in leaves in this growing 217 environment, which is consistent with the higher levels of protein synthesis needed during 218 growth (Hildebrandt et al., 2015) . However, reduced amounts of amino acids in the 219 common garden could also reflect resource constraints such as nitrogen availability (Obata 220 and Fernie, 2012), although we used the same soil mix for both the common garden plot 221 and growth chamber trays without additional fertiliser, so this seems unlikely to play a role 222 in our experiment. Interestingly, statistical evidence for inbreeding effects on these highly 223 responsive compounds in the common garden was limited to the amino acid, L-224 Field and Lake, 2011). However, here we also estimated metabolite diversity using an 233 approach based on changing the emphasis on the relative abundance across "species" using 234 the parameter 'q' (Leinster and Cobbold, 2012) . We found that inbreeding did not alter the 235 total number of metabolites observed (equivalent to species richness, q = 0) across growing 236 environments and time. However, when less emphasis was placed on low abundance 237 metabolites (q = 1), inbred populations showed elevated metabolic diversity in the benign 238 growth chamber environment relative to the common garden. This is consistent with 239 inbreeding, specifically increased genome-wide homozygosity or exposure of deleterious 240 alleles, having direct metabolic consequences (Pedersen, 1968 and photosynthesis related genes relative to outbred progeny (Menzel et al., 2015) . 246
Furthermore, inbred Drosophila lineages show changes to fundamental metabolic 247 processes under both benign conditions and temperature stress (Pederson et al. 2008) . It is 248 therefore notable that mating system effects on metabolite diversity in our study were only 249 observed in the constant growth chamber environment, and not in the outdoor common 250 garden. However, the similarity of outcrossing and inbreeding populations in metabolite 251 diversity in the common garden suggests that while inbreeding populations could suffer 252 from the effects of reduced genome-wide heterozygosity, consistent with the observation 253 of increased heterosis in these populations in other studies (Willi, 2013; Oakley, Spoelhof, 254 and Schemske, 2015), this has limited effects on their short-term physiological capacity to 255 respond to new environments. Instead, the metabolomic response to the environmental 256 conditions experienced in our common garden overwhelms the relatively minor effects of 257 genome-wide reduced heterozygosity in A. lyrata. 258
259
CONCLUSIONS 260
Our results show that populations with a long history of inbreeding and associated 261 reductions in genetic variation are not compromised in their ability to survive, reproduce 262
and physiologically respond to a novel environment, at least relative to closely-related 263 outcrossing populations. Such a finding could help to explain the general success of selfing 264 lineages to colonise and adapt to a broad range of environments. The use of metabolomics 265 to understand plastic physiological responses to novel environments and stressors offers 266 promise for asking more specific questions linked to the understanding of the different type 267 of pathways activated under a range of stressful conditions, as well as the impacts of 268 genome-wide patterns of diversity on levels of metabolite diversity and plasticity. 269
Together, these results offer new insights into the importance of intraspecific patterns of 270 genetic variation for capacity to tolerate changing environmental conditions. 271
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